lignin [2, 3] . The catalytic cleavage permits cellular absorption, and, ultimately, metabolic use of the resulting depolymerization products [4] . From the aforementioned enzyme families, a special type of fungal peroxidases has caught the attention of several scientists in recent years-the dye-decolorizing peroxidase (DyP) [5] [6] [7] [8] . DyPtype peroxidases represent a new type of fungal heme peroxidases belonging to the order of oxidoreductases. This type of enzyme has been characterized for the first time by Kim et al. from the basidomycete Geotrichum candidum and was granted the EC-number 1.11.1.19 (donor: hydrogen peroxide (H 2 O 2 )) [9] . Only 2.4% of the total entries in the heme peroxidase sub-class of the substantial PeroxiBase database (http://peroxibase. toulouse.inra.fr/index.php) belong to dye-decolorizing peroxidases. Amongst this small percentage, roughly 233 DyPs were completely sequenced, and 8 protein crystal structures were identified and published thus far [10] .
The potential for DyP applications in biotechnological processes was expected to be very robust [1, 11, 12] , as the interest in dye-decolorizing peroxidases has increased over the past few years largely due to their ability to degrade phenolic compounds, and to oxidize (discolorate) food products. In this respect, DyPs emerge as surprisingly versatile enzymes, catalyzing the oxidation of not only xenobiotics such as azo and anthraquinone dyes, but other interesting substrates as well [13] . For example, Shakeri et al. used a crude culture of Thanatephorus cucumeris Dec 1 in continuous fed-batch mode to decolorize a model waste water feed comprised of the anthraquinone dye Remazol Brilliant Blue R (RBBR) [14] . The same DyP synthesized by T. cucumeris was previously reported to help in oxidizing over 20 types of synthetic dyes [15] . Moreover, a DyP extracted from Lepista irina was capable of cleaving β-carotene into redolent compounds, such as β-ionone reported by Zorn et al. [16] . This property is of interest in the food industry, where a recombinant DyP (MaxiBright™) was licensed, in one application, for bleaching annatto-a yellow to orange food colorant changing the appearance and flavor of, e.g., whey and milk based products [17] . These outstanding catalytic features could promote dyedecolorizing peroxidases as promising tools for standalone or add-on processes in the industrial food, textile, cosmetic, and waste treatment sectors. Fig. 1 [18] [19] [20] . In view of this, high concentrations of H 2 O 2 have been identified as an important inhibitor. According to common consensus, Compound I, which is formed after the first two electron oxidation steps, can be once again attacked by H 2 O 2 to form Compound III, a non-productive oxoperoxidase species [21] .
Peroxidases are considered a promising catalytic tool for the bio-degradation of recalcitrant lignin and model substrates such as veratryl alcohol or the methoxylated benzene guaiacol that are often used as models for kinetic assays meant to characterize biocatalyst degradation performance [22] [23] [24] [25] [26] . RBBR is used as a model substrate in applications for degradation of toxic dyes and ABTS is a well-known marker dye used in enzyme-linked immunosorbent assays (ELISA) [27, 28] . Fig. 1 . Simplified schematic of uninhibited two-substrate peroxidase enzyme mechanism [21] .
In the present paper, a partially purified and concentrated solution of a novel dye-decolorizing peroxidase from the basidiomycete Pleurotus sapidus was screened for biocatalytic activity with Guaiacol, ABTS and RBBR as typical model substrates along with β-carotene. The cDNA of the peroxidase was expressed heterologously in the host recombinant Trichoderma reesei, and then cultivated in standard culture medium where it was secreted extracellularly [29] . The codon usage, complete genetic engineering, including the expression cassette, and enzyme purification were performed by AB Enzymes GmbH and further details can be found in Lauber et al. [29] .
In this work we focus our investigation on the potential practical biotechnological applications of an economically concentrated solution of recombinant DyP enzyme. The enzyme concentrate stems from the extracellular media of a high-activity genetically engineered microorganism that was centrifuged and ultrafiltered in preamble. The emphasis was on: i) comprehensive kinetics with model substrates, ii) inactivation kinetics at high concentrations of hydrogen peroxide, and iii) long-term shelf-life in the presence of preservation additives. It is hoped that this information about the biocatalyst kinetic potential and its limitations adds to the body of knowledge on the family of dye-degrading peroxidases so that the development of a fully integrated industrial process may occur [8] .
Methods
Hydrogen peroxide (30%, aqueous solution), citric acid (99.5%, monohydrate), phosphoric acid (85% purity), di-sodium hydrogen phosphate dihydrate, glacial acetic acid, sodium acetate (99.0%, trihydrate), potassium phosphate dibasic (98.0%, anhydrous), potassium phosphate monobasic, and the enzyme substrates Remazol Brilliant Blue R, Guaiacol (98.0% purity) and β-carotene (99.0% purity) were purchased from Fisher Scientific (Waltham, MA). 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) was purchased from Sigma Aldrich (St. Louis, MO) as di-ammonium salt.
The three buffer systems used were: Na 2 HPO 4 /Citric acid (pH range 2.4-3.5), CH 3 COONa/Acetic acid (pH range 3.5-5.5), and K 2 HPO 4 /KH 2 PO 4 (pH range 6.0-8.0). Deionized water obtained from a Millipore Milli-Q (Billerica, MA) system (18 MΩ•cm at 25°C). All photometric measurements were conducted with a Spectronic 20D+ from Thermo Fisher Scientific (Madison, WI). Prior to the photometrical analysis (except for the reactions with β-carotene), the buffer solutions were degassed with N 2 . Triplicates were run to demonstrate reproducibility.
Dye-degrading peroxidase
rDyP was provided by AB Enzymes GmbH (Darmstadt, Germany) as partially purified and concentrated cell broth from recombinant Trichoderma reesei, a derivative of RUT C30 [30] ( Table 1 ). An expression cassette was constructed from the adapted sequence of 1551 basepairs and protein expression took place in-vivo under the control of cbhl promotor and terminator. The coding cDNA was expressed in E. coli using genetic material from two Pleurotus organisms and the vectors were then transferred in T. reesei for cell cultivation in fed-batch (pH 5.5, 28°C, 160 hrs, monosaccharide medium with 7% monosaccharide, 4% nitrogen from agricultural waste, 0.7% (NH 4 ) 2 SO 4 , 0.3% KH 2 PO 4 ). rDyP was recovered by centrifugation and then purified and concentrated using ultrafiltration. Since the enzyme was not obtained from a wild strain, but rather from an extracellular excrete of a thoroughly genetically engineered microorganism with specific activity as high as 57000 U/L, the two-step purification via centrifugation and ultrafiltration was considered sufficient. The partially purified enzyme is hereafter referred to as rDyP or enzyme solution. The total protein concentration of the purified broth was 4.93 ± 0.53 mg/mL. The complete sequence of coding nucleotides and amino acids can be seen in 
Thermal sensitivity assay
The optimum temperature of rDyP was calculated from activity measurements with ABTS as the reducing substrate acquired with an interrupted assay between 4°C-50°C at pH 4.0. After the temperature equilibrated, ABTS, together with the appropriate enzyme dilution, was added and incubated for 30 minutes. Thereafter, the reaction proceeded with the addition of H 2 O 2 . End concentrations for ABTS and H 2 O 2 were 100 µM and 80 µM, respectively.
At different time points, aliquots of 400 µL were collected and stopped with 600 µL of 1 M H 3 PO 4 . The reaction was followed for 30 minutes and the enzymatic activity was calculated from absorbance measurements from the linear portion of reaction progress curves.
pH sensitivity assay
rDyP activity was assayed at 30°C between pH 2.4 and 7.2, with ABTS between pH 3.2 and 7.2 with Remazol Brilliant Blue R (RBBR) and Guaiacol. The pH measurements were carried out using a pH meter from Omega Scientific, model PHB-62 (Stamford, CT).
Steady-state kinetics, experimental
Kinetic constants were determined according to the Michaelis-Menten theory for two-substrate enzymes from assays reducing the substrate concentration constant while varying the H 2 O 2 concentration.
For all reducing substrates, the reactions were started with the addition of H 2 O 2 . The enzymatic activity (U) was defined as 1 µmol of product produced per minute. Two specific enzymatic activities are defined either as the ratio of enzymatic activity per mL of purified rDyP broth (U/ mL), or the ratio of enzymatic activity per mg of purified rDyP broth (U/mg).
Equation (5) Where:
KS(app) is the apparent H2O2 inhibition constant (µM).
Equation (1)
• 100
Equation (2)

ABTS, RBBR and Guaiacol assays
ABTS was held constant at concentrations from 68 µM to 400 µM, while H 2 O 2 was changed from 5 µM to 55 µM for each of the constant-held ABTS concentrations. The extent of the reaction was quantified spectrophotometrically by monitoring the absorbance at 414 nm using the literature reported absorption coefficient value 36000 L/mol/cm [31] . For the RBBR assay, eleven different RBBR concentrations were used to establish a calibration curve (R 2 = 0.987, linear dynamic range 8.5 µM -60 µM). Aliquots from the stock solution were taken and the RBBR concentration was kept constant from 11 µM to 57 µM. At every constant RBBR concentration, the H 2 O 2 concentration was varied from 3 µM to 45 µM. For a period of 10 minutes, the oxidation of RBBR was analyzed from the decreasing absorption at 592 nm.
The phenolic substrate Guaiacol is poorly soluble in aqueous systems (17 mg/mL at 15°C) to the point that lesser amounts had to be homogenized in a 20 mL Erlenmeyer flask under vigorous stirring for 5 hours. Required aliquots were then taken from the flask for initial rate determination. The concentration of Guaiacol was kept in the range of 2.5 mM to 25 mM, while the H 2 O 2 concentration was altered in the range of 7 µM to 280 µM. The extent of the reaction was quantified at 470 nm using the absorption coefficient 26600 L/mol/cm [32] .
β-carotene assay
The oxidative cleavage of β-carotene by fungal peroxidases was previously reported in several articles, and an attempt was pursued to test this possible reaction and to characterize any volatile cleavage products from this compound [16, [33] [34] [35] . The volatile products of the oxidative cleavage have been extracted and concentrated by a similar experimental method as described by Zorn et al. with DyP from Marasmius scorodonius [34] . β-carotene is practically insoluble in aqueous systems. To render it available for the biocatalysis, 24 mg of β-carotene was emulsified with 1 g Tween®80 (Fisher Scientific, Waltham, MA) in 20 mL dichloromethane (99%, Acros Organics, West Chester, PA). Afterwards, the solvent was evaporated under an N 2 stream. The dried residuum was re-suspended in 100 mL sodium acetate buffer at pH 4.6. The resulting homogenous, light orange-yellow solution served as stock solution (Fig. S2) .
rDyP activity tests with β-carotene were conducted at 30°C and pH 4.6 with an end protein concentration of 20 µg/mL. The reactions were started with or without the presence of 73 µM H 2 O 2 and at constant 74 µM β-carotene concentration in a total volume reaction mixture of 3.0 mL. The activity was measured by monitoring absorbance at 454 nm for a period of 30 minutes using a calibration curve (R 2 = 0.996, linear dynamic range 50 µM -450 µM).
Storage stability
The protective effects of polyethylene glycol with an average molar weight of 400 g/mol (PEG400), polyethylene glycol with an average molar weight of 1450 g/mol (PEG1450), and of the non-ionic surfactant polysorbate 80 (Tween80) were studied with 0.7 mg/mL rDyP broth in 50 mM sodium acetate buffer (pH 4.0) stored at 5°C. At specific time intervals, for a total period of 45 days, aliquots were taken from the four mixtures and the enzymatic activity was assessed with 50 µM ABTS and 70 µM H 2 O 2 at 414 nm.
Results and Discussion
pH effect on enzymatic activity
The specific rDyP activity dependence on pH with ABTS, Guaiacol and RBBR was investigated in the ranges shown in Table 2 . In all three instances, a typical "bell-shaped" curve trend was obtained (Fig. S3) . This particular shape is formed as the result of the solvent H + concentration effects, which can induce ionization and/or conformational changes on all species present in the reaction system such as substrates, enzymes, and reaction products [36] .
As demonstrated previously with a DyP from Rhodococcus jostii, the pH dependence is mainly due to the protonation state of the amino acid triad, which has a significant effect on catalytic efficiency and enzyme stability [37] . It has been shown that, at pH values higher than 6.0, the efficiency and stability of enzyme are negatively affected. That is due to changes in the protonation state of the distal heme pocket residues which reduce the efficiency of the acid-base catalyst triad in performing proton transfer. Additionally, the stability of the non-covalently bonded heme group at the DyP can be significantly, if not completely, reduced.
For the examined pH ranges in this work, the studied rDyP made no prejudice on the type of reducing substrate so that the highest activities remained rather similar in the weak acidic range: 4.0 for ABTS, 4.0 for Guaiacol, and 4.2 for RBBR. Thus, there is no clear evidence of stability effect as a function of reducing substrate choice. Similar pH optima have been reported for other fungal DyPs as listed in Table 1 . It should be noted that the significant drop in activity at pH values lower than 3.5 could also be the effect of the sodium phosphate/citric acid buffer system. This buffer system has been previously reported to have detrimental effects on enzymes containing ironheme prosthetic groups such as lignin peroxidases where it has been shown to chelate the iron-heme [38] .
Temperature effect on enzymatic activity
The irreversibility of thermal denaturation at 50ºC was investigated by allowing a sample of the rDyP solution to cool down to room temperature, and successively testing for activity with ABTS. No catalytic activity was observed after the cool down so that the thermal denaturation was rendered irreversible. a) n.s. = not specified. Fig. 2 indicates optimal temperature in the proximity of room temperature. The specific activity as a function of temperature was found to follow the bell-shaped curve as observed from the pH variation. If only the temperature effect (on the enzyme) is considered, this trend has been postulated to arise from at least two concomitant phenomena [43] . The left side of the curve would rise so far due to accelerated reaction rate, according to the Arrhenius relationship, until the thermal deactivation rate becomes significantly higher, and would then induce a decrease in the enzymatic activity as the biocatalyst denatures [44] .
Following the Arrhenius model, the thermal deactivation was quantified by fitting experimental data to the first-order decay kinetic model. The twostate mechanism for biocatalyst deactivation kinetics has been previously described by Sadana et al. and the experimental data was fitted to determine the activation energy of deactivation [45] . In Fig. 3 we provide an estimation of the deactivation energy derived from five independent sets of data at different temperatures. A high value for E ia is characteristic for thermostable enzymes, while low values point to thermosensitive enzymes. For most enzymes, the activation energy of deactivation can be found within 84 -837 kJ/mol [46] . The E ia was 84.45 kJ/mol indicating that the studied rDyP is in the higher thermosensitive zone [46] . Additionally, the deactivation model provided quantitative analysis of rDyP thermal inactivation while also providing values for the half-life times (t ½ ). For example, at 27°C, t ½ was 38 minutes, and at 49°C only 7 minutes. This outlines the ability of rDyP to perform better at temperatures close to room temperature. Our finding is supported by the work of Rani et al.
β-carotene cleavage
It was found that, in the absence H 2 O 2 , rDyP successfully decreased the absorption at 454 nm with a rate (Eq.3) of 1.1•10 -3 ± 4.4·10 -5 1/min which represents a molar conversion (Eq.4) of 7.4%. When H 2 O 2 was added to the reaction, the rate decreased to 2.0•10 -4 ± 8.0·10 -6 1/min or 3.8% molar conversion presumably due to catalyst inactivation by H 2 O 2 . A study of the kinetics of the conversion of this substrate was difficult, however, since only low substrate concentrations could be used in the assay and thus saturation of the enzyme could not be achieved [33] . Where:
KS(app) is the apparent H2O2 inhibition constant (µM).
Equation (4) Based on these observations, an interesting property of the studied rDyP to also act as a H 2 O 2 -independent oxidase was determined, proven with a purified enzyme by Lauber et al [34] . The scientists noted that DyP-type peroxidase can convert this substrate without the addition of H 2 O 2 in the same manner as DyP-type peroxidase MsP1 and MsP2 from Marasmius scorodonius [34] . Whereas, addition of O 2 in the buffer increased the conversion rate by a factor of 2.3 compared to standard conditions without addition of H 2 O 2 . The authors also note that the enzymatic conversion was virtually halted when degassed buffer was used [34] . This indicates that the enzyme also possesses oxidase or oxygenase activity.
Control analysis on GC/MS with the pure compound β-ionone detected the compound at approximately 32 min with the lowest detection limit at 5 ppm. When   Fig. 3 . Thermostability of rDyP. The line represents a linear regression fitted to determine the deactivation energy, E ia . Each deactivation constant k d was determined independently from data at constant 23°C, 27°C, 33°C, 43°C and 49°C. Error bars were independently determined for each ln(k d ) point using statistical analysis. The 95% confidence interval was 61.1 -107.7 kJ/mol. comparing the GC/MS analysis of reaction samples with those of controls, the pure compound β-ionone could not be detected here. Therefore, it is concluded that under the researched reaction parameters, the present rDyP could not catalyze the release of β-ionone from β-carotene.
Initial rates and apparent kinetic constants
Initial reaction rates were determined from the linear portion of progress curves and then inserted in the peroxidase kinetic model for data fitting as shown with selected data in Fig. 4 . More information on steady-state kinetics modeling can be found in the Supplemental Information. From the catalyzed oxidation reaction series of Guaiacol, ABTS, or RBBR, apparent K m and V max were obtained as estimates from non-linear regression analysis by the method of reducing the sum of squared residuals [48] . The apparent kinetic parameters retrieved from the preferred model were then re-fitted as a function of the second reducing substrate [49] . In this manner, so called "real" kinetic constants could finally be determined (see SI, Eq. S1). As often seen in the literature, a semantic term separation has been introduced between "real" and "apparent" kinetic parameters to emphasize the fact that the latter are expressed as a more complicated expression of the real parameters [50] . The apparent kinetic constants of the rDyP-catalyzed oxidation of ABTS, RBBR, and Guaiacol are summarized in Tables S1-3 . A more complete set of nonlinear regression curves can be found in the SI, Fig. S4 .
Experimental data with ABTS and RBBR fit the modified Michaelis-Menten model accurately. For Guaiacol, the model fit experimental data well at low concentrations, but the uncertainty increased for concentrations higher than 15 mM (Fig. S4) . This was due to increased insolubility of the nonpolar methoxy phenolic compound.
Real kinetic parameters
The specific enzymatic activity in the presence of both ABTS and Guaiacol assumed maximum molar H 2 O 2 / reducing substrate ratios far below equimolar, while the maximum specific activity for RBBR was observed close to equimolarity. Specifically, the highest specific enzymatic activities for ABTS and Guaiacol were 9.9 U/mg and 1.3 U/mg, recorded at molar ratios of H 2 O 2 /reducing substrate of 0.11 and 0.01, respectively. For RBBR, the highest specific enzymatic activity was of 0.97 U/mg at a molar ratio of H 2 O 2 /RBBR of 0.96. The real MichaelisMenten kinetic parameters, which were determined using apparent kinetic parameters from the previous section, are summarized in Table 5 . Kinetic data was obtained according to the analytical procedure elaborated in Materials and Methods.
rDyP was found to oxidize ABTS with the fastest specific rate of 23 ± 3 µM min -1 µg -1
, while both redox reactions with Guaiacol and RBBR were catalyzed at specific rates approximately seventeen and fourteen times slower, respectively. Maximum affinity towards H 2 O 2 was observed with RBBR with a Michaelis Menten constant of 17 µM. The lowest affinity occurred with Guaiacol, which differed from the latter by a factor of ten. Furthermore, rDyP demonstrated the highest affinity towards reducing substrates with RBBR at a Michaelis-Menten constant of 51 µM.
DyPs represent a newly identified kind of enzymes, such that online published material with DyP kinetic parameters is generally scarce and values for other kinetic parameters determined at the same physiological parameters, as for this work, are cumbersome to research (Web of Science, ScienceDirect and Brenda Enzymes were searched for the keywords: "DyP" and "dye-decolorizing peroxidase"). Nevertheless, van Bloois et al. [32] reported a K m of 29 µM for RBBR at 25°C and pH 3.5, which is comparable with that determined in Table 3 . Liers et al. investigated a fungal DyP and reported a value of 20 µM for the catalyst affinity towards H 2 O 2 with ABTS as the reducing substrate [1] . This value was determined at 20°C and pH 4.5, and is approximately three times lower than the affinity constant researched here at pH 4.0 and 25°C. Roberts et al. determined a K m of 8.2 mM for ABTS and a K m of 4.1 mM for H 2 O 2 with a DyP peroxidase from Rhodocuccus jostii at pH 4.5 and 25°C [51] . In a substrate specificity assay, Ogola et al. determined a specific activity of 0.230 µM min -1 µg -1 for guaiacol and 0.204 µM min -1 µg -1 for ABTS using a DyP from Anabaena sp. strain PCC 7120 [41] . If the comparison is extended to other types of peroxidases, such as the commercial horse-radish peroxidase, a value of 0.158 mM was reported by Gallati et al. for ABTS at 25°C and pH 4.2 [49] . From Table 2 , it can be seen that the rDyP affinity obtained in this work for ABTS was in a similar range. The capacity of DyP to decolorize synthetic dyes can be of interest in biotechnical applications such as detoxifying of large volumes of effluents from the textile industry [52] [53] [54] [55] . The influence of RBBR concentration upon the decolorizing activity of Bjerkandera sp. strain was demonstrated by Moreira et al [52] . The investigation revealed that an increasing trend in the RBBR decolourisation rate was observed with increases in substrate concentration from 5 μM to 25 μM, followed by an inhibition at higher concentrations. The authors could isolate the main enzyme responsible for decolorization Table 3 . End results from fitting apparent parameters as a function of constant reducing substrate concentration.
Substrate
Assay parameters Kinetic constants ABTS pH = 4.0 T = 25°C m protein = 0.123 ± 0.013 µg and the complete process was demonstrated without Mn 2+ hinting at a manganese-independent dye-degrading peroxidase. In another work, simplified Michaelis-Menten kinetics was also found to be operative in decolorizing RBBR using the crude extract from a Pleurotus ostreatus strain [53] . The peroxidase from the crude was found to be optimally active at pH 3.0 to 3.5 and at 25°C.
Hydrogen peroxide inhibition
rDyP sensitivity towards H 2 O 2 was quantified while keeping constant 70 µM ABTS, 11 µM RBBR and 2.5 mM Guaiacol as reducing substrates, and by varying the hydrogen peroxide concentration (Fig. 5) . Experimental data fit the uncompetitive model (Eq. 5) well with the apparent kinetic constants shown in Table 4 . The minimum noninhibitive concentrations of H 2 O 2 were 23 µM, 20 µM and 49 µM for ABTS, RBBR and Guaiacol, respectively. As seen in Fig. 5 Where:
Equation (5)
Where: K S(app) is the apparent H 2 O 2 inhibition constant (µM).
Hydrogen peroxide inhibition was previously reported with other peroxidases where the inhibition mechanism is complex in nature [19, 56] . According to some theories, it can involve the formation of free-radicals which attack the catalytic center of the enzyme rendering it irreversibly inactive [57] . The quantitative effect of uncompetitive inhibition can be seen in Table 4 . To circumvent rDyP inactivation, hydrogen peroxide concentration should be kept low, at molar concentration ratios much lower than equimolar for ABTS and Guaiacol and lower than 1.8 for RBBR. 
Storage stability
Catalyst stability was evaluated at 5°C over a period of 45 days in 50 mM sodium acetate/acetic acid buffer with three different additives (Fig. 6 ). The residual activity was measured with the introduced ABTS assay. Enzyme denaturation was assumed to follow a simple two-state denaturation mechanism and the linear portion of rDyP activity decadence was fitted to first order decay kinetics [45] . From this, dissociation constants (k d ) and the time needed for the biocatalyst to lose half of its activity (t ½ ) were determined (Table S4) .
The principle by which polyols, such as PEG, confer enzyme stability benefits has been proposed in other research studies [58, 59] . One theory is that, depending on the structural properties of the protein and the concentration and molecular size of the polyol, PEG would specifically interact with the surface of the biomolecule in order to form a protective layer around it. The stabilizing effect would then come as an exclusion of the enzyme from part of the solvent, therefore countering detrimental effects of the environment [59] .
When rDyP was stored only in the presence of 50 mM sodium acetate/acetic acid buffer, a half-time of 50 days was determined. The lowest protective effect was registered with PEG400, where a complete loss in catalytic activity was predicted after 68 days. With PEG400, a pronounced protein aggregation resulted-an observation that could be factored in as an explanation for the lower stability effect. The additive with the highest protective effect was the nonpolar polyol PEG1450 that accounts for the highest half-time of 78 days or a shelf-life of 5.2 months.
Conclusion
The investigated rDyP showed very promising catalytic potential for oxidation reactions with phenolic and anthraquinonic compounds as well with the oxidation of β-carotene. Michaelis-Menten constants revealed high affinity with RBBR and ABTS. The highest discoloration of 38% achieved by rDyP with the anthraquinone dye was at substrate concentrations of 11 µM RBBR and 30 µM H 2 O 2 and pH 4.0. This discoloration value is comparable with the maximum discoloration of 30% obtained by Peralta-Zamora et al. at pH 3.0 with a fungal peroxidase [27] . The capacity of rDyP to oxidize synthetic dyes opens the avenue for large scale application in biotechnological bio-treatment of toxic effluents from the textile industry. For example, Mustafa et al. researched the potential of the white-rot fungus Panus tigrinus crude to decolorize a similar synthetic dye, that is commonly found in the toxic effluents from the textile industry [60] .
The successful oxidative cleavage of β-carotene without the necessity of H 2 O 2 was observed. This property has been observed and characterized previously only in a limited number of works [16] . Great interest could arise from this, since the oxidation of β-carotene and possibly other similar reducing substrates can be catalyzed with readily available solubilized molecular oxygen rather than with the usual H 2 O 2 .
rDyP was observed to act as a thermosensitive mesophilic enzyme within a narrow pH range but with good storage stability in 7% w/v PEG1450. Temperature and pH optima were determined at approximately 25°C and 4.0, respectively-values adjacent to other known DyPs (see Table 1 ). Inhibition with hydrogen peroxide was investigated at high hydrogen peroxide concentrations where the rDyP was found susceptible to inhibition at molar ratios higher than equimolar.
As future work, it would be interesting to research the stability and kinetic behavior of rDyP for large scale use and with other substrates, such as veratryl alcool, reactive black 5 or 2,6-dimethoxyphenol. Also, we believe that the pursuit of better understanding of rDyP's property to catalyze the H 2 O 2 independent oxidation could open the door for new biotechnological applications, while also widening the palette of reducing substrates.
